Cement mortar is one of the most important components of semiflexible pavement materials; however, the effects of cement mortar formulation on the performance and the grouting rate are rarely studied. erefore, the optimum formulation of highperformance cement mortar (HPCM) for different types and contents was studied, and the grouting effect of the cement mortar was studied by rutting tests. e results show that polycarboxylate superplasticizer, expansion admixture, and accelerating admixture have different influences on the workability, the strength, and the drying shrinkage of HPCM, and the working ability of HPCM is good by adding these three admixtures. e strength at 7 days is 1.3 to 4 times that of the existing specifications, and the shrinkage rate is less than 0.2. e HPCM has higher early strength, and the strength development is stable in the later period compared with the other research studies. e semiflexible material has better pavement performance when the grouting rate is greater than 90%.
Introduction
With the increasing traffic flow and traffic loads, early problems like deformation usually appear on traditional asphalt roads [1] . In order to improve pavement performance and prolong the life of roads, semiflexible pavement concept has been proposed and studied.
Semiflexible pavement is a composite pavement made by pouring cement slurry into a porous asphalt mixture with the porosity between 20% and 28% [2] . e pavement is a new type of pavement which combines the advantages of rigid cement concrete pavement and flexible asphalt pavement [3] . e semiflexible pavements have been applied to roads, airfields, sea ports, and industrial heavy-loading yards on account of their excellent rutting resistance, fatigue resistance, abrasion resistance, oil resistance, and colorability [4] . It was considered to be much stiffer and resistant to traffic-induced damage compared to conventional asphalt pavement [5] . e semiflexible pavement has been selected to resist deformation, thereby reducing the maintenance costs [6] . erefore, the most important part of the technology is the combination of the advantages between the flexible asphalt pavement and the rigid cement concrete pavement.
Semiflexible material was first studied and applied in France [7] . Subsequently, the semiflexible pavements in Britain, the United States, and the former Soviet Union were studied and were confirmed to have high temperature stability [8, 9] . Many research studies have been performed by researchers on the performances of the semiflexible materials. e influences of different factors on the damage were analyzed, and the relational model of loading times and damage variable was established according to cyclic wheel load tests [10] . e performance differences in the compressive strength, the indirect tensile stiffness, and the dynamic creep tests of the semiflexible pavement paved both with the cool-mixed method and the traditional hot-mixed method have been studied [11] . e experience with heavy vehicle simulator (HVS) has been used to study the hazards of the weak layer of the semiflexible pavement and its modeling [12, 13] .
In China, the research on methods of the semiflexible material design has been carried out [14] . e influences of asphalt mixture types and porosity on the performance of semiflexible pavement materials were studied [15, 16] . e proportion of compound mortar required to meet the construction requirement was researched [17] .
e optimization design of the ratio of cement mortar to cement injection was studied [18] . e influence of different factors on the fluidity of cement mortar was also studied [19] .
Up to now, the research studies of semiflexible pavement materials were mainly focused on the differences between the semiflexible pavement and other traditional pavements in terms of the mixture designs, the structures, and the mechanical performance, but the effects of grouting materials were less studied. So far, the studies on cement mortars in China have adopted the technical specifications in the Technology Guide for Application of Semi-Flexible Pavement [20] , and the strengths of cement mortars at 7 days and 28 days were studied, but no further studies were conducted on the low-age strength of cement mortar. Besides, the strength of the grouting material was low, the curing was slow, and large shrinkage crackings tend to occur, resulting in a long construction period and affecting the road performance [21] .
In this paper, three cement additives were selected and mixed into the cement mortar to prepare for different types of HPCM, and the effects of additives on the workability, the drying shrinkage, and the strength with different curing times of HPCM were analyzed to determine the suitable range of the mixing ratio. Furthermore, the properties of the workability, the strengths with different curing times, and the drying shrinkages of HPCM with the optimal formulation were verified. en, the rut resistance of the best formulation with different grouting rates was studied. e physical properties of the limestone mineral powder are listed in Table 2 .
Materials and Experimental
In this study, three kinds of admixtures were used to manufacture the high-performance cement mortar; they were the UEA expansion admixture, the high-performance polycarboxylate water reducer, and the accelerating admixture. e UEA expansion admixture is a yellow powder with a water content of 0.96%, a total alkali of 0.2%, a chlorine ion content of 0.9%, a specific surface area of 327 m 2 /kg, and a MgO content of 2.74%. e polycarboxylate superplasticizer is a light brown liquid with a solid content of 24.14%, a water reduction rate of 28.5%, a density of 1.09 g/cm 3 , a pH of 7.5, and a chlorine ion content of 1%. e accelerating admixture is a liquid with a solid content of 57.14%, a density of 1.421 g/cm 3 , a pH of 13.4, and a chlorine ion content of 1.02%.
Porous Asphalt Mixture.
According to the specifications [23] and engineering experience, the porous asphalt mixture is formed by mixing the aggregate of SFAC-13 (SemiFlexible Asphalt Concrete-13) grading and SBS modified bitumen with a designed porosity of 25%, and the aggregate is basalt. e aggregate grading is listed in Table 3 , and the modified asphalt has a penetration of 50.5 mm (100 g, 5 s, 25°C), a softening point of 75.6°C, and a ductility of 32 cm at 5°C. e asphalt content determined by flying test and leak detection test is 3.8%, the Marshall stability is 5.01 kN, and the actually measured porosity of the porous asphalt mixture is 24.6%.
High-Performance Cement Mortar (HPCM) Sample
Preparation. Cement mortar should be able to penetrate the porous asphalt mixture quickly to improve the strength of the composite. According to the design ratio, each admixture was added into the cement slurry, and they were mixed to make the cement mortar. e cement mortar was poured into the standard test mold for the strength, the shrinkage, and the workability experiments according to the specifications [22] .
It is shown that the optimum water-binder ratio of the prime cement mortar that was used to semiflexible pavement should be less than 0.55 [24] , the content of mineral powder is generally less than 20%, and the sand content is approximately 15%-30%. e factors of the cement mortar are the water-binder ratio, the content of mineral powder, the sand-binder, the UEA expansion admixture, the polycarboxylate superplasticizer, and the accelerating admixture, represented by A, B, C, D, E, and F, respectively. ree levels were selected for each of the factors, and the effects of which on the physical and mechanical properties of the cement mortar were analyzed. e orthogonal factors for the cement slurry are listed in Table 4 .
Calculation of Grouting Rate of Cement Mortar.
e grouting rate of cement mortar is the percentage of the volume of cement mortar grouted divided by the volume of connected void in the asphalt mixture, and the formula is
where VV is the grouting rate (%), m 1 is the mass of the specimen before grouting (g), m 2 is the mass of the sample after grouting (g), ρ m is the density of the cement mortar (g/cm 3 ), V is the specimen volume (cm 3 ), and V 1 is the volume of mineral aggregate and closed pores (cm 3 ).
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Preparation of Specimens for Grouting Composite
Materials. e composite grouting is the asphalt mixture filled with cement mortar, and the rutting slab of composite grouting was formed by filling open porosity asphalt mixture with cement mortar. e specific pouring processes are as follows:
Firstly, 300 mm × 300 mm × 50 mm rutting slabs were prepared using the porous asphalt mixture, and then they were cooled down at room temperature. Secondly, HPCM specimens were prepared through uniform mixing. irdly, the grouting materials with different masses were grouted into rutting slabs when the temperature of the rutting slabs was dropped to 60°C. Specifically, the rutting slabs were placed on the concrete vibration table.
en, the cement mortar was uniformly poured on the surface of the rutting slabs, and the vibration table was opened to vibrate until the mortar was no longer infiltrated. Finally, the excess grouting material was scraped off by using a rubber scraper and brushed lightly until exposing the uneven surface of the asphalt mixture. e specimen shown in Figure 1 was removed from molds after curing for 24 to 48 hours until the grouting material was hardened and then cured for 7 days in the room. Advances in Materials Science and Engineering 3 0511-2005, China) [22] , and the drying shrinkage value of the specimen at 28 days was used as the evaluation index.
Test Methods of Strengths.
e compressive and flexural strength tests were the most basic strength test of cement concrete materials which were used as the main property indicator to characterize cement materials' quality.
e strength tests were conducted according to the Method of Testing Cements for Determination of Strength-ISO Method (JTG E30/T 0506-2005, China) [22] .
Test Results and Analysis of HPCM
e workability, the dry shrinkage, and the strengths of the materials with different curing times are considered as evaluation indexes for grouting materials, and the results of the range analysis of the HPCM indicators are listed in Table 5 . Table 4 , the factors affecting the workability, in the order of importance, are the polycarboxylate superplasticizer, the water-binder ratio, the accelerating admixture, the expansion admixture, the mineral powder, and the sand-binder ratio, and their weight ratios are 28.18%, 25.75%, 17.97%, 11.49%, 8.28%, and 7.69%, respectively. e results show that the polycarboxylate superplasticizer content and waterbinder ratio are more important compared with other factors, and the sand-binder ratio is of least importance of the factors.
Analysis of the Workability on HPCM. As shown in

Analysis of the Drying Shrinkage on HPCM.
During the hardening process, dry shrinkage of the cement mortar would occur, resulting in the emergence of the fine cracks inside the semiflexible pavement.
erefore, the cement mortar must have certain volume stability.
As shown in Table 4 , the factors affecting the dry shrinkage, in the order of importance, are the expansion admixture, the sand-binder ratio, the mineral powder, the accelerating admixture, the polycarboxylate superplasticizer, and the water-binder ratio, and their weight ratios are 36.83%, 19.25%, 15.95%, 13.45%, 7.37%, and 7.14%, respectively. e results show that the expansion admixture content is the most important compared with other admixture contents, and the polycarboxylate superplasticizer and the water-binder ratio are of least importance of the factors. Table 4 , the factors affecting the 1 day flexural strength, in the order of importance, are the expansion admixture content, the accelerating admixture content, the water-binder ratio, the polycarboxylate superplasticizer content, the content of the mineral powder, and the sand-binder ratio, and their weight ratios are 22.52%, 19.45%, 18.95%, 15.07%, 14.08%, and 9.93%, respectively. e factors affecting the 1 day compressive strength, in the order of importance, are the water-binder ratio, the polycarboxylate superplasticizer content, the expansion admixture content, the accelerating admixture content, the sand-binder ratio, and the mineral powder content, and their weight ratios are 22.52%, 19.45%, 18.95%, 15.07%, 14.08%, and 9.93%, respectively. e results suggest that the water-binder ratio, the expansion admixture, and the polycarboxylate superplasticizer have great effects on the 1 day strength of HPCM, and their importance is nearly the same. However, the sand-binder ratio and the mineral powder content have the least effects on the 1 day strength of HPCM.
Analysis of Strengths on HPCM. As shown in
e factors affecting the 3 days' flexural strength, in the order of importance, are the expansion admixture content, the polycarboxylate superplasticizer content, the accelerating admixture content, the water-binder ratio, the sandbinder ratio, and the mineral powder content, and their weight ratios are 26.63%, 26.42%, 13.35%, 12.74%, 11.17%, and 9.70%, respectively. e factors affecting the 3 days' compressive strength, in the order of importance, are the polycarboxylate superplasticizer content, the water-binder ratio, the sand-binder ratio, the expansion admixture content, the mineral powder content, and the accelerating admixture content, and their weight ratios are 38.88%, 19.91%,12.90%, 12.71%, 11.71%, and 3.89%, respectively.
e above results show that the expansion admixture and the polycarboxylate superplasticizer have a great influence on the 3 days' strength of HPCM, the water-binder ratio and the sand-binder ratio have a slight influence, and the mineral powder content and the accelerating admixture content have a weak influence on the 3 days' strength of HPCM.
e factors affecting the 7 days' flexural strength, in the order of importance, are the polycarboxylate superplasticizer content, the expansion admixture content, the water-binder ratio, the accelerating admixture content, the sand-binder ratio, and the mineral powder content, and their weight ratios are 24.44%, 22.26%, 18.24%, 13.60%, 11.32%, and 10.14%, respectively. e factors affecting the 7 days' compressive strength, in the order of importance, are the polycarboxylate superplasticizer content, the water-binder ratio, the sand-binder ratio, the mineral powder content, the expansion admixture content, and the accelerating admixture content, and their weight ratios are 41.41%, 26.67%, 16.78%, 7.60%, 4.60%, and 2.94%, respectively. e above results show that the polycarboxylate superplasticizer content has the greatest effects on the 7 days' strength of HPCM, and the mineral powder content and the accelerating admixture content have a weak influence on the 7 days' strength of HPCM.
e factors affecting the 28 days' flexural strength, in the order of importance, are the polycarboxylate superplasticizer content, the water-binder ratio, the expansion admixture content, the sand-binder ratio, the mineral powder content, and the accelerating admixture content, and their weight ratios are 22.46%, 22.29%, 20.68%, 18.15%, 9.27%, and 7.15%, respectively. e factors affecting the 28 days' compressive strength, in the order of importance, are the polycarboxylate superplasticizer content, the water-binder ratio, the sand-binder ratio, the expansion admixture content, the mineral powder content, and the accelerating admixture content, and their weight ratio are 36.46%, 29.18%, 21.15%, 5.51%, 4.66%, and 3.03%, respectively.
e above results show that the polycarboxylate superplasticizer and the water-binder ratio possess a great influence on the 28 days' strength of HPCM, the sand-binder ratio and the expansion admixture have a slight influence, and the mineral powder and the accelerating admixture have the worst influence on the 28 days' strength of HPCM.
e flexural strength of HPCM is mainly affected by the expansion admixture content and the accelerating admixture content, followed by the polycarboxylate superplasticizer content and the water-binder ratio. After the reaction of the accelerating admixture and the expansion admixture is completed, their influence on the flexural strength is weakened, while the polycarboxylate superplasticizer content and the water-binder ratio begin to influence the flexural strength with the increase of curing time.
e water-binder ratio and the polycarboxylate superplasticizer content are the main factors influencing the compressive strength of HPCM, and the influences of the expansion admixture content and the accelerating admixture content on the compressive strength of HPCM gradually weakened with the reaction when the curing time is increasing.
e effect of the sand-binder ratio on the strength gradually increased in the later stage of curing.
e above analysis shows that the polycarboxylate superplasticizer content and the water-binder ratio have the greatest influence on strength of HPCM. e expansion and the accelerating admixture have a greater influence on the low-age strength, and the sand-binder ratio has a greater influence on the strength at the later stage of curing. e mineral powder has the least effect on the strength of HPCM.
Influence Tendencies of Factors on
Properties of HPCM
Influence Tendencies of Factors on Workability of HPCM.
According to the experimental results, the influence tendencies of all factors on workability are shown in Figure 2 . It can be seen that the fluidity decreases with the increase of the water-binder ratio. e fluidity drops rapidly when the water-binder ratio varies from 0.45 to 0.50, and the workability performance is better when the water-binder ratio varies from 0.50 to 0.55. e fluidity at the 0.45 water-binder ratio is 28s, and the fluidity decreases by 53% when the water-binder ratio is 0.55. erefore, the optimum range of the water-binder ratio is 0.5-0.55. e fluidity increases with the mineral powder content, and it reduces by 24% compared with the content of 0.2, when the content of the mineral powder is 0.1. e fluidity increases first and then decreases with the increase of the sand-binder ratio, and the workability is the optimum when the sand-binder ratio is 0.2. e fluidity increases first and then decreases with the increase of the expansion admixture content. e fluidity of the cement mortar is larger than that of the pure cement mortar as the expansion admixture is added, and this indicates that the workability can be reduced to a certain extent by adding the expansion admixture. However, the influence of the expansion admixture on the workability decreases with the increase of the expansion admixture content, and the fluidity starts to decrease. e fluidity increases first and then decreases with the increase of the polycarboxylate superplasticizer content, and the fluidity is the optimum when there is no polycarboxylate superplasticizer.
e reason is that the unit water consumption decreases after the addition of the polycarboxylate superplasticizer, resulting in the increase of the fluidity [25] . e cement particles are completely dispersed when the superplasticizer content exceeds a certain value, reducing the fluidity of the cement mortar. erefore, the optimum polycarboxylate superplasticizer content is greater than 0.01. e fluidity decreases first and then increases with the increase of the content of the accelerating admixture. e fluidity of the cement mortar is smaller than that of the pure cement mortar as the expansion admixture is added, and this indicates that the workability can be reduced to a certain extent by adding the accelerating admixture. However, the influence of the accelerating admixture content on the workability decreases with the increase of the content. e reason is that the cement mortar cannot be hardened quickly when the content of the accelerating admixture is low, and the water-binder ratio increases with the water content in the accelerating admixture, resulting in the increase of the workability. However, the mortar can hydrate and harden quickly when the accelerating admixture content is higher, and the workability of the cement mortar will decrease. erefore, the optimum the accelerating admixture content is 0.005. Advances in Materials Science and Engineering
Influence Tendencies of Factors on Drying Shrinkage of HPCM.
According to the experimental results, the influence tendencies of the factors on drying shrinkage are shown in Figure 3 .
As shown in the figure, the drying shrinkage increases with the water-binder ratio, and the shrinkage rate is lower than 0.18%. e drying shrinkage decreases first and then increases with the mineral powder content, and the shrinkage rate of HPCM is the lowest when the mineral powder content is 0.15. erefore, the optimum mineral powder content is 0.15.
e drying shrinkage decreases with the increase of the sand-binder ratio, and the shrinkage rate changes little as the sand-binder ratio varies from 0.15 to 0.20 and decreases rapidly as the sand-binder ratio varies from 0.20 to 0.25. So the optimum sand-binder ratio is 0.25. e drying shrinkage of HPCM is in an overall decreasing trend with the increasing of the content of expansion admixture.
e drying shrinkage rate is the minimum when the expansion admixture content is 0.08, a decrease of 39.65% compared to pure cement mortar. erefore, the optimum expansion admixture content is 0.08. e drying shrinkage increases first and then decreases with the increase of the content of polycarboxylate superplasticizer content, the fluctuation is small, and the shrinkage rate does not exceed 0.18%. e drying shrinkage decreases first and then increases with the accelerating admixture content, and the shrinkage rate is the lowest when the accelerating admixture content is 0.005.
Influence Tendencies of Factors on Strength of HPCM.
According to the experimental results, the influence tendencies of all factors on the strength of different curing times are shown in Figures 4 and 5 .
As shown in the figures, the compressive strength of the cement mortar increases with the curing time, while the flexural strength at 28 days is slightly lower than that at 7 days. is is because that the adding of the accelerating admixture to the mortar results in a slight decrease in the flexural strength of the cement mortar in the later curing stage.
e effects of water-binder ratio on the strength of the cement mortar at different curing times are similar. ey decrease with the increase of the water-binder ratio. e growth range of the strength of the cement mortar under the same water-binder ratio decreases with the increase of curing time. erefore, the optimum range of the waterbinder ratio is 0.45-0.50. e flexural strength of the cement mortar at different curing times decreases first and then increases with the increase of the content of the mineral powder, and the compressive strength changes slowly. e flexural strength of the mortar is the lowest, and the compressive strength is high when the content of the mineral powder is 0.15.
e strength of the cement mortar increases gradually with the increase of the sand-binder ratio. e rangeability of the strength increases with curing time as the sand-binder ratio varies from 0.20 to 0.25, and this indicates that the standard sand can increase the later strength of the cement mortar in the range. erefore, the optimum range of the sand-binder ratio is 0.20-0. 25 . e increasing range of the flexural strength is much greater than that of the compressive strength after adding the expansion admixture.
e rangeability of strength of the cement mortar is more stable when the expansion admixture content varies from 0.004 to 0.008. However, the increase in the flexural strength in the later curing stage is inhibited.
e compressive and flexural strengths of the cement mortar are greatly improved by adding the polycarboxylate superplasticizer. e effects of the superplasticizer content in the range of 0-0.01 on the strengths in the later curing stage are similar.
e strength of the cement mortar at 1 day decreases first and then increases slowly with the curing time as the polycarboxylate superplasticizer content varies from 0.005 to 0.01. is indicates that the strength of the cement mortar in short curing time is lower, and in the later curing stage, the strength increases with the polycarboxylate erefore, the optimum polycarboxylate superplasticizer content is 0.01.
e strength of the mortar in short curing time can be increased by adding the accelerating admixture. However, the strengths at 3 days and 7 days of the cement mortar decrease first and then increase with the content. e rangeability of the mortar strength is smaller as the accelerating admixture content varies from 0 to 0.005, and the strength increases greatly as the content of the accelerating admixture varies from 0.005 to 0.01. erefore, the optimum range of the accelerating admixture content is 0.005-0.01.
Optimal Formulations of HPCM.
e recommended value of the factors were obtained and are listed in Table 6 , taking into account the influence tendencies of all factors on the properties of HPCM.
e cement mortar was remixed, and its performance was tested according to the recommended ratios for HPCM, and the results are shown in Table 7 . e research results of cement mortar in China and abroad are summarized and are shown in Table 7 [18] . Table 7 shows that HPCM has higher early strength, and the strength at 1 day reaches about 17 MPa; the strength development is stable in the later period, and strength at 7 days reaches 1.3 to 4 times of the current results; the volume stability far outperforms the existing specifications, and the dry shrinkage rates are less than 0.2.
Research on Grouting Effect of HPCM
e high-temperature performance of the specimen after grouting was used as the evaluation index to study the relationship between the grouting rates and the dynamic stability, so as to determine the grouting rate of highperformance cement mortar. In addition, the properties of the semiflexible material were verified by the lowtemperature bending test and freeze-thaw splitting test.
High-Temperature Rutting Test of HPCM.
e grouting rates of three kinds of cement mortar with different masses were calculated by Equation (1) . e semiflexible material specimens were manufactured according to the method in Section 2.2, the dynamic stabilities of the semiflexible materials with different grouting rates were measured by the rutting tests, and the results are listed in Table 8 . Table 8 shows that the dynamic stability of the semiflexible material M1 at each grouting rate is greater than that of M2 and M3, while the rutting depth of M1 is smaller, and this indicates that M1 has the best rutting resistance. e dynamic stabilities of the three grouting materials are more than 10,000 times/mm as the grouting rate is greater than 90%, meeting the specification requirements. Figure 6 shows the dynamic stabilities of the grouting materials at different grouting rates. As can be seen, the dynamic stabilities of the three grouting materials have the same growth tendency. e increasing rate of the dynamic stabilities gradually increases with the grouting rates.
e above results show that the rutting resistance of semiflexible materials increases with the increase of the grouting rate.
e dynamic stability of the semiflexible material is more than 10000 times/mm as the grouting rate is greater than 90%.
Low-Temperature Bending Test of HPCM.
e lowtemperature bending properties of three kinds of grouting materials with different grouting rates are measured based on the results of high-temperature rutting test, and the lowtemperature properties of these three semiflexible materials are verified. e experimental results are listed in Table 9 . Table 9 shows that the flexural tensile strength and the stiffness modulus of semiflexible materials increase regularly and the strain decreases regularly with the increase of Factors level Factors level Advances in Materials Science and Engineering 7 grouting rates. e increase of grouting rates increases the stiffness of the semiflexible material so that the deformation is reduced and the bending strength is increased. With the increase of grouting rates, the content of cement mortar in semiflexible material increases, which makes the overall stiffness of the material increase. e ability of the material to resist loads increases, and brittle fracture occurs easily when failure occurs as the stiffness of the semiflexible material increases. erefore, the flexural strength and the flexural stiffness modulus of semiflexible materials increase with the increase of the grouting rate.
Freeze-aw Splitting Test of HPCM.
Water damage is one of the main problems of the road surface and one of the important causes of early pavement damage.
e tensile strength ratio (TSR) was used to characterize the water damage resistance of pavement. e freeze-thaw splitting test results are listed in Table 10 . Table 10 shows that the splitting strength of the semiflexible material is increased by 10% when the grouting rate is 90%; the splitting strength of the semiflexible material is increased by 17% when the grouting rate is 100%. e indirect tensile strength and the TSR of the semiflexible material increase regularly with the increase of the grouting rates. e tensile strength ratio is greater than 85% when the grouting rate is greater than 90%, which meets the technical requirements of the current standard for pavement moisture susceptibility.
With the increase of the grouting rates, the content of cement mortar in semiflexible materials increases. e strength of the semiflexible material is composed of asphalt concrete and cement mortar. With the increase of the Figure 6 : Relationships between dynamic stabilities and grouting rates.
cement mortar content, the proportion of cement mortar strength in the semiflexible material is increased, and the stability of the material is improved. erefore, the TSR of the semiflexible material increases with the increase of the grouting rate. e above results show that the semiflexible material has better high-temperature performance when the grouting rate is greater than 90%. And the low-temperature bending test and the freeze-thaw splitting test are carried out to verify that the semiflexible material has good pavement performance when the grouting rate is greater than 90%.
Conclusions
e high-performance cement mortar was used as the grouting material for semiflexible pavement in this paper.
e influences of the factors on the performance of HPCM were analyzed, the optimum formulas were determined, and the best formulas for grouting rate were obtained through rutting experiments.
e main conclusions drawn are as follows:
(1) e water-binder ratio, the mineral powder content, the sand-binder ratio, the expansion admixture content, the polycarboxylate superplasticizer content, and the accelerating admixture content have quite different effects on the performance of the grouting materials. e polycarboxylate superplasticizer content and the water-binder ratio have the most significant effects on the workabilities and the strengths. e expansion admixture content has the most significant effects on the dry shrinkage and the strengths in the early curing stages. e accelerating admixture content has a greater impact on the strength in the early curing stages, and the sandbinder ratio has a greater effect on the strength in the later curing stage. (2) e recommended water-binder ratio, the content of the mineral powder, the sand-binder ratio, the content of the expansion admixture, the content of the polycarboxylate superplasticizer, and the content of the accelerating admixture are 0.5-0.55, 0.1-0.15, 0.2-0.25, 0.008, 0.01, and 0.005, respectively, in the research. (3) ree optimal formulations of HPCM were designed and compared to the existing specifications. e materials M1, M2, and M3 have good workabilities and higher early strengths, the dry shrinkage rates are less than 0.2, and the strengths at 7 days are 1.3 to 4 times that of existing specifications. (4) ree kinds of designed grouting materials were poured into the porous asphalt mixture to study the rutting resistance of the semiflexible materials with different grouting rates. e grouting rate of the semiflexible material was determined by the hightemperature rutting test and then verified by the lowtemperature bending test and freeze-thaw splitting test. e results show that the semiflexible material has better pavement performance when the grouting rate is more than 90%.
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